LQR controller tuning by using particle swarm optimization by M. Lamin Gabasa, Hagag
vii 
 
TABLE OF CONTENTS 
 
 
 
 
CHAPTER TITLE PAGE 
 
 
DECLARATION ii 
DEDICATION iii 
ACKNOWLEDGEMENT iv 
ABSTRACT v 
ABSTRAK vi 
TABLE OF CONTENTS vii 
LIST OF TABLES ix 
LIST OF FIGURES x 
LIST OF ABBREVIATIONS xii 
LIST OF SYMBOLS xiii 
1 INTRODUCTION 1 
1.1 Problem Background 3 
1.2 Objectives 4 
1.3 Problem Statement 4 
1.4 Project Scope 4 
2 LITERATURE REVIEW 5 
2.1 Case Study I – Linear Quadratur Regulator (LQR) 5 
2.2 Case study II – Particle Swarm Organization 7 
viii 
 
2.3 Case Study III – TWIP Robot 9 
2.4 Case Study IV  – LQR based PSO Algorithm 14 
3 RESEARCH METHODOLOGY 17 
3.1 Research Methodology 17 
4 DESIGN AND IMPLEMENTATION 19 
4.1 LQR Implementation 21 
4.1.1 Feedback configuration 22 
4.1.2 Continuous Algebraic Riccati Equation (CARE) 23 
4.2 PSO of LQR 27 
4.2.1 Initialize the Particle 28 
4.2.2 Finding P and K 29 
4.2.3 Find IAE 30 
4.2.4 Find PBest 31 
4.2.5 Find Gbest from minimal IAE of particles 32 
4.2.6 Calculate velocity and update position 33 
4.2.7 Get New Q and R 35 
5 ANALYSIS AND RESULTS 37 
6 CONCLUSION 43 
6.1 Conclusion 43 
6.2 Future Works 44 
 
REFERENCES 45 
ix 
 
LIST OF TABLES 
 
 
 
 
TABLE NO. TITLE PAGE 
 
5.1 Simulation Parameter 37 
 
 
x 
 
LIST OF FIGURES 
 
 
 
 
FIGURE NO. TITLE PAGE 
 
2.1 State space controller model 5 
2.2 Flowchart of PSO algorithm 7 
2.3 Two-wheels Inverted Pendulum Mobile Robot configuragtion 10 
2.4 figure Control architecture for the TWIP 13 
2.5 WIP Control chart 14 
2.6 Flowchart of PSO algorithm 16 
3.1 Research Methodology Flowchart 18 
4.1 Design and Implementation of General LQR equation 
 in SIMULINK 21 
4.2 Simulink- Feedback Configuration 22 
4.3 Simulink - Feedback Configuration with K function 23 
4.4 Simulink - Configuration of CARE function 26 
4.5 Simulink - Complete figure of LQR model 28 
4.6 Simulation - Initialize Particle for PSO model 29 
4.7 Simulink - CARE block model of PSO-LQR simulation 30 
4.8 Simulink, computation of IAE in PSO-LQR model 30 
4.9 Simulink, PBest finding on PSO-LQR simulation model 32 
4.10 Simulink, Gbest finding on PSO-LQR simulation model 33 
4.11 Simulink, Calculation of velcoity and update position on 
 PSO-LQR simulation model 35 
4.12 Simulink, overall PSO-LQR simulation model 36 
5.1 IAE value by each Iteration for Q1 and Q2 38 
5.2 IAE system with PSO 39 
5.3 IAE System without PSO and using Second Q 39 
5.4 SImulation of TWIP displacement using LQ-PSO 40 
xi 
 
5.5 Simulation of TWIP displacement without LQ-PSO and using Q1 40 
5.6 Simulation of TWIP speed displacement 41 
5.7 Simulation of TWIP Angle Theta 41 
5.8 Simulation of TWIP angle without LQ-PSO and using second Q 42 
5.9 Simulation of TWIP Angle speed 42 
 
 
 
 
xii 
 
LIST OF ABBREVIATIONS 
 
 
 
 
 
 
LQR - Linear Quadratic Regulator 
TWIP - Two-wheels Inverted Pendulum 
PSO - Particle Swarm Optimization 
IAE - Integral Absolute Error 
xiii 
 
LIST OF SYMBOLS 
 
 
 
 
 
 
Q  - Non-Negative Definite Matrix 
R - Positive Definite Matrix 
